1. Introduction {#sec1-jof-06-00036}
===============

Invasive aspergillosis (IA) typically affects high-risk hematology patients, in particular those with acute leukemia or the recipients of hematopoietic cell transplantation (HCT) \[[@B1-jof-06-00036]\]. The incidence of probable or proven IA in these patients ranges from 2%, while on posaconazole prophylaxis to 11.2% without mold-directed prophylaxis \[[@B2-jof-06-00036],[@B3-jof-06-00036]\]. The overall and attributable mortality are high reaching up to 42% and 27%, respectively \[[@B4-jof-06-00036],[@B5-jof-06-00036]\]. Invasive pulmonary aspergillosis (IPA) is associated with even higher mortality up to 75%, and it has been shown to negatively impact the long-term survival of leukemia patients \[[@B6-jof-06-00036],[@B7-jof-06-00036]\].

Early diagnosis and treatment are crucial in the management of IPA to improve patient outcome \[[@B8-jof-06-00036],[@B9-jof-06-00036]\]. However, IA is still a frequently missed diagnosis in hematological patients \[[@B10-jof-06-00036]\]. In patients that were diagnosed with IPA, the serial assessment of pulmonary findings on chest CT has been shown to be superior when compared to galactomannan or lesion counts in survival prediction and combination of these tools seems useful \[[@B11-jof-06-00036]\].

Baseline chest computed tomography (BCT) in adult high-risk hematology patients has been suggested for the early diagnosis of IPA. Abnormal findings on BCT were found to be an independent risk factor for invasive fungal disease (IFD) \[[@B12-jof-06-00036]\]. Recent prospective studies in patients that were admitted for intensive chemotherapy or HCT found abnormalities on BCT in 36% (*n* = 196) of patients close to admission time, and 10% met the EORTC/MSG radiographic consensus criteria for IFD \[[@B13-jof-06-00036]\]. When BCT findings were abnormal, the risk of developing IPA doubled as compared to unremarkable BCT findings \[[@B14-jof-06-00036]\]. A study that was conducted in Israel found abnormal BCT in 31% (*n* = 295) of patients; of these, 5% were diagnosed with IPA on admission and another 10% subsequently during hospital stay. In the subgroup of patients with de novo acute myeloid leukemia (AML), 55% of IPA were detected by BCT \[[@B15-jof-06-00036]\]. However, none of this has been the subject of randomized, controlled trials, yet complicating the impact assessment of BCT on mortality and follow-up.

BCT appears to be a useful screening tool for identifying those patients that require treatment for IPA rather than prophylaxis. However, the added value might depend on local epidemiology, exact timing of the CT, specific imaging techniques, and it might differ between patient groups. Since this patient population frequently receives mold-active prophylaxis during remission induction chemotherapy, BCT might help to differentiate primary IPA from breakthrough invasive fungal infection (BT-IFI) \[[@B16-jof-06-00036]\]. The guidelines do not recommend BCT in this high-risk group \[[@B9-jof-06-00036],[@B17-jof-06-00036]\]. Currently, it is unknown how widely BCT has been implemented and what the specifics of BCT use in hematology departments are. Therefore, we conducted a survey to determine the current BCT practice in hematology departments throughout the world.

2. Materials and Methods {#sec2-jof-06-00036}
========================

A web-based health services research questionnaire was designed and made accessible via [www.clinicalsurveys.net](www.clinicalsurveys.net).

Members of the following scientific bodies were invited to participate: Working group on Infections in Hematology and Oncology of the German Society for Hematology and Oncology (AGIHO), Acute Myeloid Leukemia Cooperative Group (AML CG), Australian and New Zealand Mycoses Interest Group (ANZMIG), European Confederation of Medical Mycology (ECMM), European Hematology Association (EHA)---Study Working Group on Infections in Hematology, European Society for Blood and Marrow Transplantation (EBMT), FungiScope^®^ registry contributors, International Society for Human and Animal Mycology (ISHAM), Mycoses Study Group Education and Research Consortium (MSGERC), Epidemiological Surveillance of Infections in Hematological Diseases (SEIFEM), Austrian Society for Hematology and Medical Oncology (OeGHO), and Swiss Society of Hematology (SHG-SSH)**.** The participants were encouraged to respond for their medical center and spread the survey through their personal network.

All of the participants were asked to provide country and institution as an obligatory item, whereas additional personal data, affiliated scientific organizations, and practicing specialty were optional. The participants were encouraged to provide estimated annual numbers of patients that were treated at their hematology center with the following underlying conditions: AML (de novo/relapsed), acute lymphatic leukemia (ALL) (de novo/relapsed), and allogeneic HCT. The estimated rates of IPA in these patient groups were to be provided.

The timepoints and techniques of chest imaging for the respective underlying condition were assessed via a multiple-choice chessboard response form. Timepoints comprised at diagnosis, at staging, at admission, before each chemotherapy course, upon signs and symptoms of respiratory infection, at first fever, after 72--96 h of persistent fever, despite antibacterial treatment. The imaging techniques to be selected were X-ray, computed tomography (CT), or no imaging. All of the indicated timepoints of imaging may overlap. Baseline CT was not explicitly mentioned in order to obtain a non-suggestive assessment.

CT scan specificities, namely contrast-enhanced or non-contrast, low-dose or standard-dose, and evaluation of imaging through other specialties than radiology were assessed. Standard-of-care follow-up CT imaging for diagnosed IPA were to be selected on day 7, 14, 21, 28, or none.

BCT was defined as the performance of a CT scan upon admission or at diagnosis of the above-mentioned underlying conditions according to the two above-mentioned studies \[[@B14-jof-06-00036],[@B15-jof-06-00036]\]. These two groups may overlap. For practicability of the survey, "HCT" was listed in diagnoses but also considered as medical history. Double-entries or invalid responses were not considered for statistical analysis. Initially, the findings of BCT were to be assessed. This approach was abandoned due to practical reasons, since even estimated determination of specific radiological findings for IPA is highly complex.

Free text options were provided wherever necessary.

Statistical analysis used SPSS software version 25 (IBM, Chicago, IL, USA). Participants' data entries from categorical variables were summarized employing frequencies and percentages. Median and interquartile range (IQR) were used in the continuous variables. Categorical data were compared while using Chi^2^ test or Fisher's exact test. A *p* value \<0.05 was set as being statistically significant.

3. Results {#sec3-jof-06-00036}
==========

Between July 1st and August 31st 2019, members of the above listed scientific societies entered data into the survey form.

Among 142 participants from 43 countries, 92 entered data for all of the questions. Seventy-nine (55.6%) participated in Europe and sixty-three (44.4%) participated outside Europe. Countries with highest participant numbers were Germany (*n* = 32; 22.5%), Italy, and the United States (*n* = 11; 7.7% each), followed by Brazil and Spain (*n* = 6; 4.2% each) ([Table 1](#jof-06-00036-t001){ref-type="table"} and [Figure 1](#jof-06-00036-f001){ref-type="fig"}).

Specialties involved were infectious diseases (*n* = 69; 48.6%), hematology (*n* = 68; 47.9%), microbiology (*n* = 15; 10.6%), intensive care (*n* = 8; 5.6%), oncology (*n* = 6; 4.2%), and pediatrics (*n* = 4; 2.8%) ([Table 1](#jof-06-00036-t001){ref-type="table"}).

The estimates of total overall annually treated patient numbers at participating hospitals (*n* = 101 responses) include 5505 AML (3736 de novo; 1769 relapsed), 2641 ALL (1817 de novo; 824 relapsed), and 5287 allogeneic HCT patients. The estimated median numbers of annually treated patients are 40 (IQR 18--70) for AML, 16 (IQR 7--35) for ALL, and 35 (IQR 2.5--75) for HCT ([Table 2](#jof-06-00036-t002){ref-type="table"}).

CT and/or X-ray across all patient groups is performed, as follows (*n* = 95 responses). At disease staging, X-ray is done in 34% (*n* = 32) and CT in 49% (*n* = 47), no imaging in 45% (*n* = 43). Before the beginning of chemotherapy administration, X-ray is performed in 34% (*n* = 32), CT in 18% (*n* = 17) and no imaging in 61% (*n* = 58). Upon initial signs or symptoms of pneumonia, X-ray is carried out in 40% (*n* = 38), CT in 76% (*n* = 72), and no imaging in 3% (*n* = 3). At first fever, X-ray is completed in 48% (*n* = 46) and CT in 20% (*n* = 19), while, at persistent fever, over 72 to 96 h 15% (*n* = 14) and 89% (*n* = 85) do X-ray or CT, respectively. In these two situations, 41% and 8% do not perform any imaging, respectively ([Figure 2](#jof-06-00036-f002){ref-type="fig"}).

At admission or at diagnosis of malignancy, X-ray is performed in 48% and 69% of participating centers, respectively. At the same timepoints, 24% and 48% of centers performed CT, respectively. As per our definition, this qualifies as BCT, which makes a proportion of 56.8% (*n* = 54) of centers performing BCT for any timepoint and condition (*n* = 95). Detailed BCT numbers at admission are 13.7% (*n* = 13) and 14.7% (*n* = 14) for de novo and relapsed AML, respectively, 11.6% (*n* = 11) and 14.7% (*n* = 14) for de novo and relapsed ALL, respectively, and 16.8% (*n* = 16) for HCT. The detailed BCT numbers at diagnosis are 20.0% (*n* = 19) and 25.3% (*n* = 24) for de novo and relapsed AML, respectively, 26.3% (*n* = 25) and 29.5% (*n* = 28) in de novo and relapsed ALL, respectively, and 37.9% (*n* = 36) for HCT. Overall, HCT is the underlying condition that is most frequently triggering BCT (44.2%; *n* = 42) and BCT is more frequently performed in relapsed than in *de novo* acute leukemia ([Figure 3](#jof-06-00036-f003){ref-type="fig"}). The first implementation of BCT in a center was in 2010. [Table S1](#app1-jof-06-00036){ref-type="app"} displays detailed timepoints, techniques, and numbers of chest imaging with respect to the underlying condition.

CT is contrast-enhanced in 37.6% (*n* = 35) and non-enhanced in 62.4% (*n* = 58). CT is low-dose in 37.6% (*n* = 35) and standard dose in 62.4% (*n* = 58) (total *n* = 93). The BCT scan specificities are 33.3% (*n* = 18) enhanced and 66.7% (*n* = 36) non-enhanced while 61.1% (*n* = 33) are standard-dose and 38.9% (*n* = 21) low-dose. In addition to radiology reports, the participants mostly read CT scans themselves. For BCT centers, this is the case in 87% (*n* = 47) ([Table 3](#jof-06-00036-t003){ref-type="table"}).

Overall, the median estimated rate of IPA is 8% (IQR 5 to 14%; *n* = 94). In non-BCT performing centers, it is only 7% (IQR 5-10%; *n* = 37), whereas it is 9% (5-15%; *n* = 52) in BCT centers (*p* = 0.69) ([Table 4](#jof-06-00036-t004){ref-type="table"}).

European centers perform BCT in 59.0% (*n* = 36), while non-European centers do so in 52.9% (*n* = 18). The reported estimated IPA rates do not differ between European and non-European centers (medians 10% vs. 8%; *p* = 0.25) ([Table 4](#jof-06-00036-t004){ref-type="table"}).

Follow-up CT imaging in the case of IPA diagnosis (*n* = 92) is performed in 97.8%. CT on day 7 after IPA diagnosis is performed in 27.2%, on day 14 in 65.4%, on day 21 in 33.7%, and on day 28 in 28.3% of centers. Other timepoints for follow-up CT were indicated in 14.1% (*n* = 13) ([Figure 4](#jof-06-00036-f004){ref-type="fig"}).

4. Discussion {#sec4-jof-06-00036}
=============

In this web-based survey study, 142 participants from 43 countries contributed to assessing current chest imaging use in high-risk hematology patients. BCT, defined as chest CT at diagnosis or at admission, is performed in 57% of centers to detect IPA early. The BCT rates in relapsed acute leukemia and in allogeneic HCT recipients are higher than in de novo acute leukemia \[[@B18-jof-06-00036]\]. As an expected finding, CT is mostly part of diagnostic-driven approaches, in particular in the case of persistent fever or suspected pneumonia, as recommended by guidelines \[[@B9-jof-06-00036],[@B17-jof-06-00036]\].

Despite the acknowledged reduced diagnostic accuracy of plain radiography compared with CT for detection of IPA in neutropenic patients, it is still broadly used as a frontline investigation \[[@B19-jof-06-00036],[@B20-jof-06-00036]\]. Chest X-ray was the preferred imaging procedure at baseline, although a negative X-ray calls for the more sensitive CT and a positive X-ray demands a standard or low-dose CT for its higher diagnostic specificity \[[@B19-jof-06-00036],[@B20-jof-06-00036]\].

Low-dose CT detects and characterizes lung lesions in neutropenic patients early and with equal precision when compared to standard-dose CT \[[@B21-jof-06-00036],[@B22-jof-06-00036]\]. Still, the use of standard-dose CT is more widespread than low-dose CT. When BCT is implemented, one needs to keep in mind that the effective radiation dose of modern techniques is less than that of a conventional standard dose CT \[[@B23-jof-06-00036]\]. Therefore, introducing low-dose BCT might provide acceptable radiation exposure and allow for early diagnosis of IPA with a lower fungal burden and improved patient outcome \[[@B24-jof-06-00036],[@B25-jof-06-00036],[@B26-jof-06-00036]\]. This point is particularly important for pediatric cancer patients as most will be long-term survivors. However, pediatric data for BCT is limited \[[@B27-jof-06-00036]\].

The median estimated IPA rates appeared to be higher with BCT in this survey, a finding that is in line with previous single center studies, but also underlying relatively small sample size and comprising the inherent bias of diagnosing more IPA episodes than without BCT \[[@B14-jof-06-00036],[@B15-jof-06-00036]\]. The higher IPA rate suggest BCT as being likely beneficial for early diagnosis, also if asymptomatic. Early CT in hematological patients has been proposed to detect IPA at an early state of disease potentially improving patient outcome \[[@B28-jof-06-00036]\]. However, early findings on CT frequently do not match EORTC/MSG criteria and can delay diagnosis and subsequently deteriorate disease prognosis \[[@B29-jof-06-00036]\]. Therefore, in the revised EORTC/MSG radiological criteria, it was decided to include a broader range of radiological findings \[[@B13-jof-06-00036]\]. These were recently validated, revealing that nearly one-third of IPA patients presented with a consolidation pattern, but without typical nodules on the first CT \[[@B30-jof-06-00036]\].

Follow-up CT was more frequently indicated on day 14 than on day 7. Reflecting the course of infiltrate size, the aspergillosis EQUAL score recently suggested CT scans on days 7, 14, and then 21 or 28, but that is only practiced in 3% of the studied sites \[[@B11-jof-06-00036],[@B31-jof-06-00036]\]. Some past studies did not favor baseline chest imaging due to low yield, although study design and population differed in their analyses \[[@B27-jof-06-00036],[@B32-jof-06-00036]\]. To the knowledge of the authors, prospective clinical trials assessing baseline CT findings on patient outcome are lacking.

Our study has its limitations. First, 36% of respondents did not complete all of the questionnaire items. Second, only members of scientific bodies were invited to respond. Finally, frequencies were asked as estimates and may, thus, be imprecise. The widespread lack of in-house surveillance systems might make reported practices and fungal incidence imprecise. Our definition of BCT only comprises timepoints, but does not consider the heterogeneity of patient groups and their individual risk for IPA, such as heavily pre-treated patients that are admitted for HCT. The strengths of the study lie in a worldwide distribution of participants and an extensive analysis of chest imaging policies in high-risk hematology patients.

In conclusion, BCT in high-risk hematology patients has evolved into a standard of care in many centers worldwide, despite the absence of randomized controlled trials (RCTs) evaluating this procedure. However, chest X-ray, as the inferior technique, is still widely used. Low-dose CT techniques are apparently underused. Although much depends on local epidemiology, risk stratification of patients and local resources, centers considering the implementation BCT may find it useful for early diagnosis and the treatment of IPA in high-risk hematology patients.
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![Underlying condition and performance of X-ray or CT at diagnosis or at admission, respectively---defined as Baseline CT; *n* = 95. \# Numbers are super-additive. CT = computed tomography; AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia; HCT = hematopoietic cell transplantation.](jof-06-00036-g003){#jof-06-00036-f003}

![Timepoints and percentages of follow-up CT if IPA was diagnosed in a patient, *n* = 92 valid responses. CT = computed tomography; IPA = invasive pulmonary aspergillosis.](jof-06-00036-g004){#jof-06-00036-f004}

jof-06-00036-t001_Table 1

###### 

Participant characteristics.

  Country *n = 43*           *n*   \[%\]   Continent *n = 142*                       *n*       \[%\]
  -------------------------- ----- ------- ----------------------------------------- --------- -----------
  Argentina                  4     2.8     Europe                                    79        55.6
  Australia                  3     2.1     America                                   31        21.7
  Austria                    3     2.1     Asia                                      13        9.1
  Belarus                    1     0.7     Africa                                    15        10.5
  Brazil                     6     4.2     Oceania                                   4         2.8
  Chile                      1     0.7     **European vs. non-European countries**   ***n***   **\[%\]**
  Czech Republic             2     1.4     Non-European                              63        44.4
  Egypt                      2     1.4     European                                  79        55.6
  Finland                    2     1.4     **Medical specialty\***                   ***n***   **\[%\]**
  France                     3     2.1     Infectious Diseases                       69        48.6
  Germany                    32    22.5    Hematology                                68        47.9
  Hungary                    1     0.7     Microbiology                              15        10.6
  India                      4     2.8     Intensive Care                            8         5.6
  Indonesia                  1     0.7     Oncology                                  6         4.2
  Israel                     2     1.4     Pediatrics                                4         2.8
  Italy                      11    7.7     other                                     8         5.6
  Lebanon                    2     1.4                                                         
  Malaysia                   3     2.1                                                         
  Mexico                     1     0.7                                                         
  Nepal                      1     0.7                                                         
  Netherlands                1     0.7                                                         
  Nigeria                    1     0.7                                                         
  Pakistan                   1     0.7                                                         
  Peru                       3     2.1                                                         
  Philippines                1     0.7                                                         
  Portugal                   1     0.7                                                         
  Qatar                      1     0.7                                                         
  Romania                    1     0.7                                                         
  Russia                     2     1.4                                                         
  Saudi Arabia               1     0.7                                                         
  Serbia                     2     1.4                                                         
  Singapore                  1     0.7                                                         
  Republic of Korea          1     0.7                                                         
  Spain                      6     4.2                                                         
  Switzerland                4     2.8                                                         
  Taiwan                     2     1.4                                                         
  Thailand                   1     0.7                                                         
  Turkey                     5     3.5                                                         
  United Arab Emirates       1     0.7                                                         
  United Kingdom             5     3.5                                                         
  United States of America   11    7.7                                                         
  Venezuela                  3     2.1                                                         
  Overall                    142   100                                                         

\* numbers are super-additive.

jof-06-00036-t002_Table 2

###### 

Patient numbers treated annually (at participating sites).

  ----------------------------------------------------------------------------------------------------------------
  *n = 101*                          AML\       AML\       AML\       ALL\      ALL\      ALL\       Allogeneic\
                                     Total      de novo    Relapsed   Total     de novo   Relapsed   HCT \*
  ---------------------------------- ---------- ---------- ---------- --------- --------- ---------- -------------
  Median (IQR)                       40\        25\        10\        16\       10\       5\         35\
                                     (18--70)   (10--50)   (5--25)    (7--35)   (5--20)   (2--10)    (2.5--75)

  (Min--Max)                         0--377     0--300     0--150     0--206    0--150    0--60      0--400

  Overall annually patient numbers   5505       3736       1769       2641      1817      824        5287
  ----------------------------------------------------------------------------------------------------------------

\* this group may overlap with others. AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia; HCT = hematopoietic cell transplantation, IQR = interquartile range.

jof-06-00036-t003_Table 3

###### 

Chest computed tomography (CT) specificities.

  ----------------------------------------------------------------------------------------
  Chest CT Specificities              *n*                \[%\]                      
  ----------------------------------- ------------------ ------------------- ------ ------
  All\                                Chest CT           contrast-enhanced   35     37.6
  centers *n = 93 \**                                                               

  not contrast-enhanced               58                 62.4                       

  Doses                               Standard-dose CT   58                  62.4   

  Low-dose CT                         35                 37.6                       

  CT assessment ^\#^                  Yes                79                  84.9   

  No                                  14                 15.1                       

  Baseline CT centers only *n = 54*   Chest CT           contrast-enhanced   18     33.3

  not contrast-enhanced               36                 66.7                       

  Doses                               Standard-dose CT   33                  61.1   

  Low-dose CT                         21                 38.9                       

  CT assessment ^\#^                  Yes                47                  87.0   

  No                                  7                  13.0                       
  ----------------------------------------------------------------------------------------

\* total *n* of response to the respective question; ^\#^ participants indicated if they evaluate chest imaging themselves despite not being radiologists. CT = computed tomography.

jof-06-00036-t004_Table 4

###### 

Median estimated invasive pulmonary aspergillosis (IPA) rates.

  -----------------------------------------------------------------------------------------------------
  *n*                     Participating Centers                    IPA Rate, Median (IQR)   *p*-Value
  ----------------------- ---------------------------------------- ------------------------ -----------
  *n* = 94 \*             Overall participating centers *n* = 94   8 (5--14)                \-

  *n* = 89 \*             BCT centers\                             9 (5--15)                0.69
                          *n* = 52                                                          

  non-BCT centers\        7 (5--10)                                                         
  *n* = 37                                                                                  

  *n* = 94 \*             European centers\                        10 (5--15)               0.25
                          *n* = 58                                                          

  non-European centers\   8 (5--14)                                                         
  *n* = 36                                                                                  
  -----------------------------------------------------------------------------------------------------

\*total *n* of valid responses to the respective questions. IPA = invasive pulmonary aspergillosis; BCT = baseline chest computed tomography.

[^1]: These authors contributed equally to this work.
